. The heat capacity of potassium acetate was measured by equilibrium adiabatic calorimetry from near 4 K up to 350 K and by d.s.c. from 325 K through melting (solid to isotropic liquid) to 585 K. No transition or anomaly was observed below 300 K in the heat-capacity curve but four anomalies were observed at super-ambient temperatures including a broad and diffuse hump extending from 300 to 375 K. A bifurcated peak was observed between 375 and 436. 
Introduction
The thermophysical properties of potassium n-butanoate (K4C) were measured and established earlier."' Two close but separated solid-to-solid transformations were observed between 100 and 200 K thought at first to be overlapping by earlier d.s.c. studies." ' In this study we examine the thermophysics of potassium acetate (K2C). We considered the study of this compound to be very crucial in as much as (a) it is the first member of the even series of potassium n-alkanoates, (b) the odd-even effect seems to play a role in the thermodynamics of compounds with hydrocarbon tails (1,3*4) and (c) it has been asserted that the lowest members always behave diffeiently in that the increments per CH, groups are irregular."' The sample does not exhibit a mesomorphic phase.") Equilibrium adiabatic calorimetry confirmed the existence of the broad hump also observed by d.s.c. Good agreement between the two methods was obtained over the common temperature range of measurement. The heat-capacity morphology for this sample from near 4 K through melting is shown in figure 1. For comparison purposes the heat capacities of sodium and lithium acetates are also shown in this figure. The enthalpies and entropies of the hump and bifurcated peaks not considered to be of first order are also shown in tabular form.
The samples used in both types of measurements were from the same batch. No studies were made on premelted samples.
Experimental
The potassium acetate used in this sample was prepared by the method described previously."*5) The purity was determined by using a DSC-4 purity software'with the DuPont Thermal Analysis Data Station (TADS) program'@ which uses the van't Hoff equation as a basis for the analysis. W* ') The purity of this compound was determined as 99.95 moles per cent and considered satisfactory for thermodynamic studies. For d.s.c. measurements, the sample was removed from the vacuum line,'*' sealed into the sample pans by crimping, and then placed in the sample compartment of the d.s.c. over which a constant flow of inert gas was maintained to avoid sample oxidation before melting. The d.s.c. used in this study was a computerized DSC-4 version from Perkin-Elmer with adjustment System-4 micro-processor, a computer deck attached to a cathode ray tube, and a computer-controlled chart recorder. The d.s.c. proper also contained an inert atmosphere cover which made it possible to study the hygroscopic samples. Heat-capacity measurements were made using the "Specific Heat" software"' which is capable of providing C,(T) values at various temperatures. The latter feature made it possible to delineate a true heat-capacity morphology-rather than a d.s.c. trace as with most other d.s.c. instruments-and hence was able to provide the appropriate integrals for thermodynamic properties.
The remaining salt was loaded into a gold-plated oxygen-free high-conductivity copper calorimeter (laboratory designation W-62) placed in the Mark X cryostat@' provided with computer-assisted calorimetric data acquisition, logging, and programming.
After evacuation of the calorimeter, the sample was loaded and dry helium gas at a pressure of 6.2 kPa was added to promote thermal equilibrium during data acquisition. Leaks in the calorimeter were checked by a helium detector connected to the vacuum line. The mass of the potassium sample was 22.1246 g ( 2 0.225436 mol).
Buoyancy corrections were calculated for all masses using a density of 0.941 g.crnm3 estimated from other members of the homologous series.
The thermal history of the sample is here presented: 
Results and discussion
The experimental heat capacities are given in table 1 for both d.s.c. and adiabatic calorimetric determinations and are plotted in figure 1 . The heat capacities were fitted to a series of orthogonal polynomials in regions where no heat capacity anomalies existed. Integration of these polynomials gave the thermodynamic properties listed in table 2.
By drawing the appropriate lattice heat-capacity curves in the transition regions, excess enthalpies and entropies associated with each transition were calculated and are provided in table 3.
Although potassium acetate has been widely studied'l" by various thermal methods, such as thermal analysis, differential thermal analysis, dilatometry, and visual-polythermal methods, only a few authors" '* ' *) report excess heat capacity, presumably related to the hump observed by us between 300 and 375 K with A,,,Hz of about 30.1R .K and a A,,,Sk = 0.08R. For the bifurcated peaks between 375 and 436 K, the total A::,Hk = 64.5R. K and A::,Sm = 0.147R. These values are in excellent S. P. NGEYI, I. MALIK, AND E. F. WESTRUM, JR. a These are the (minimum) points on the heat-capacity curve for a given transition or pair of transitions from which extrapolation of the "lattice" heat capacity was made for the calculation of transition (excess) values of the thermodynamic functions.
* The values of the thermodynamics of transition are given at the transition temperatures on the assumption that the transitions are strictly isothermal at these temperatures.
of the unit cell volume. The II-to-I solid-to-solid transition is at 474 K and fusion is at 582 K. When account is taken of the differences between the usual practice of listing d.s.c. transitions by the first deviation from the "lattice" curve on heating, the II-to-I transition at 474 K; (12) (13) (14) the bifurcated peaks between 375 and 436 K;"*' as well as fusion near 582 K"" are in reasonable accord with the literature.
A complete description of the methods used and the transition temperatures therefrom can be found elsewhere. (lo) Neither the purity of their samples nor their heat-capacity values are provided in any of the references quoted. Comparison of the excess enthalpies and entropies is difficult as the method of drawing lattice curves affects the calculated excess values and the lattice curves can be drawn only when heat-capacity morphology is known precisely. This may account for the lack of enthalpies of transition" ') and the complete absence of entropies of transitions.
Only three phase transformations-monoclinic (IIIa or IIIb)-to-monoclinic (III)-to-orthorhombic (I)-to-isotropic liquid-have been considered probable in potassium acetate as the other transformations appear to be non-isothermal and apparently do not involve phase changes.
Hatibarua and Parryo3' and Hatibarua"" studied the transitions in K2C by crystallographic and thermal-expansion methods, respectively. The former investigators grew single crystals of the salt from the melt using dried polycrystalline commercial materials. They reported that K2C has three polymorphs; the form existing from room temperature to a temperature of about 348 K was found to be monoclinic (Phase III) with either superlattice or an eight-fold increase in volume over the monoclinic polymorph between 348 and 428 K (Phase II); that above 428 K was observed to be orthorhombic (Phase I).
Hatibarua'15' found the transition from Phase I to Phase II (i.e. orthorhombic to monoclinic) to be characterized by a change in the structural symmetry and termination of the rapid expansion in the cell constant a'. From the structural studies, he observed that the unit cell of Phase I consists of ionic double layers parallel to (100) of potassium and carboxylate ions firmly bound by ionic forces. Sandwiched between such double layers are the methyl groups in contact and bonded by much weaker van der Waals forces. He also observed a void in the unit cell of Phase I extending through the entire crystal along (100) and suggested that these two peculiarities seem to account for the thermal behavior of K2C.
Hatibarua,"@ using crystallographic methods, found that as the transition temperature 428 K is approached, the acetate ions begin to librate between two equivalent sites. As a result, twin orientations of the low-temperature monoclinic phase occur. As the temperature increases, increasingly more acetate ions switch between the two sites until both orientations have statistically equal populations. The reflections corresponding to the twin orientations move towards each other as the temperature increases and coalesce at 428 K. A dielectric study by the same author revealed no evidence for a ferro-to-para-electric transition (503 K) as hinted by Hazlewood et al.," 2, who suggested that Phase III could be a modulated structure obtained from the Phase II structure.
From our calorimetric studies, we found scant thermodynamic evidence for the existence of Phase III as the hump between 300 and 375 K and the bifurcated transition seem not to be phase transitions.
Jenkins and O'Brien"4' found the entropy change associated with the transition at 349 K (onset) to be of the order R. In 2 and attributed this transition to orientational (order-disorder) effects. They used d.s.c., d.t.a., and Raman spectroscopy, and found only two transitions; the one at 349 K (onset) presumably corresponding to ours at 375 and the other at 413 K (onset) corresponding to our transition at 474 K. Despite its prominence, the peak at 474 K has seldom been unambiguously identified as being within 85 K of our peak temperature."4~'7'18) Thermal transformations were not detected in rubidium and cesium acetates between room temperature and the melting temperature.'13' Two transitions were observed between 100 and 200 K in potassium butanoate, K4C,(" whereas in potassium acetate a similar pair appear at much higher temperature (375 to 500 K). Upon increasing the temperature, the longer hydrocarbon tail in K4C may possibly acquire freedom at lower temperatures than does the much shorter tail in K2C.
Sodium acetate exhibits a transition at 21 K,(') while K2C and Li2C'19' do not show a similar transition. The heat-capacity curves lie in the expected order. As already noted" 3, sodium and potassium acetates are not isostructural near 300 K. The presence of the 21 K transition in sodium acetate"' was held responsible for the overall larger heat capacity of this salt compared to that of sodium propanoate but the nature of the transition is still unknown. After studying several compounds of lithium and potassium (4) by the same method, we found that the odd-even effect observed in compounds with hydrocarbon tails at ambient temperatures is also a low-temperature phenomenon and that the heat-capacity curves increase above the transition monotonically in the Nc sequence 6 + 4 + 3 + 5 + 7.
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